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背景: 聚合酶链反应（Polymerase chain reaction, PCR）可直接检测梅毒螺旋体
（Treponema pallidum subsp. pallidum, T. pallidum），对梅毒进行明确诊断。然而
梅毒患者血液样本的 T. pallidum-PCR 阳性率低，常与临床诊断不符。本研究探
讨样本处理流程和血液样本类型对 T. pallidum DNA 得率的影响，为提高血液 T. 
pallidum-PCR 的阳性率提供实验依据。 
方法: 采用自主构建的 Tp47 基因荧光定量 PCR 方法检测一系列体外模拟实验样
本和感染兔血中的 T. pallidum DNA，探讨不同样本处理流程对 T. pallidum DNA
提取效率的影响：（1）100μL 1×107 个/mL 菌液分别与抗凝全血以及非抗凝全血
混合后，比较去除红细胞处理对全血样本、2000×g 离心后下层血球样本（抗凝
血）和血块样本（非抗凝血）中 T. pallidum DNA 得率的影响；（2）100μL 1×107
个/mL 菌液与 400μL 抗凝全血混合后，分别置于 4℃和 25℃，在放置 0h、2h、
6h、12h、24h 和 48h 后提取全血样本中的 T. pallidum DNA，明确样本贮存温度
和时间对 T. pallidum DNA 得率的影响；（3）100μL 1×107 个/mL 菌液分别与 400μL
生理盐水、血清和血浆混合，再分别经 500×g、1000×g、2000×g、4000×g、5000×g、
7000×g、10000×g 和 20000×g 离心 15min 后，检测样本上层和下层中 T. pallidum 
DNA 的含量，探究离心力对 T. pallidum 在不同介质中分布的影响；（4）100μL 
1×107个/mL菌液分别与 400μL抗凝全血以及非抗凝全血混合后，再分别经 500×g、
1000×g、2000×g、4000×g、5000×g、7000×g、10000×g 和 20000×g 离心 15min 后，
检测样本上层和下层中 T. pallidum DNA 的含量，探究离心力对 T. pallidum 在抗
凝全血和非抗凝全血中分布的影响；（5）采用感染兔血样本，比较不同离心力作
用下不同血液成分中 T. pallidum DNA 得率的差异。 
结果： 本研究所构建 Tp47基因荧光定量PCR方法的最低检测限为 3.41 copies/µL 
DNA。不同样本处理流程，样本中的 T. pallidum DNA 的得率存在差异：（1）全
血样本和 2000×g 离心后的下层血球样本经过去除红细胞处理后，样本中 T. 
pallidum DNA 的得率分别可提高 40.4 倍和 32.4 倍；（2）样本的处理时间（48h
















率；（3）纯介质模拟实验中，随着离心力的增大，混合体系上层中 T. pallidum DNA
的得率不断减少同时下层中的得率不断增加；（4）抗凝全血模拟实验中，混合体
系分别经 500×g、1000×g、2000×g、4000×g、5000×g、7000×g、10000×g 和 20000×g
离心后，下层血球中 T. pallidum DNA 的得率分别为上层血浆中的 2.8 倍、4.6 倍、
7.3 倍、12.6 倍、15.2 倍、16.7 倍、65.1 倍和 73.1 倍。然而，非抗凝全血实验组
在不同的离心操作后，下层血块中 T. pallidum DNA 的得率仅为 1%左右；（5）不
同离心力作用下不同感染兔血液成分中 T. pallidum DNA 的得率与体外模拟实验
结果相似。 
结论：实验结果表明，T. pallidum 在各介质中很容易受到离心力的影响而沉降。
常规临床工作中的离心操作（2000×g）会使血液样本中大量 T. pallidum 随着血细
胞被离心到管底。通过高速离心操作（20000×g）获得下层血球并进行去除红细
































Object: Polymerase chain reaction (PCR) is a method to detect the Treponema 
pallidum subsp. pallidum (T. pallidum) and provides definitive diagnosis of syphilis. 
However, the sensitivity of T. pallidum blood-PCR is moderate, giving a low level of 
concordance with the physician’s diagnosis. In this study, we explore a study on the 
effects of different clinical sample processing procedures and different sample types on 
the yield of T. pallidum DNA from blood in order to increase the yield of T. pallidum 
DNA and the positive rate of T. pallidum blood-PCR. 
Methods: We employed a real-time PCR with the target of Tp47 gene to evaluate the 
yield of T. pallidum DNA in a series of in vitro simulated experiments and the infected 
rabbit blood experiments with different sample processing procedures. (1) We blended 
a mixture system by mixing 0.1mL of 107 treponemes/mL with anti-coagulated or non-
anti-coagulated blood, and assessed the effect of red cell lysis pretreatment on the yield 
of T. pallidum DNA in blood samples. (2) We blended a mixture system by mixing 
0.1mL of 107 treponemes/mL with anti-coagulated blood and assessed the effect of 
samples processing time and storage temperature on the yield of T. pallidum DNA in 
blood samples. (3) We blended a mixture system by mixing 0.1mL of 107 
treponemes/mL with normal saline, serum or plasma, respectively, then extracted the 
DNA of different layers of the mixture system after centrifugation and assessed the 
effect of centrifuge force on the distribution of T. pallidum in them. (4) We blended a 
mixture system by mixing 0.1mL of 107 treponemes/mL with anti-coagulated or non-
anti-coagulated blood, then extracted the DNA of different layers of the mixture system 
after centrifugation and assessed the effect of centrifuge force on the distribution of T. 
pallidum in them. (5) In addition, the effects of processing procedures on the yield of 
T. pallidum DNA was conducted in the infected rabbit blood. 
Results: The limit of the real-time PCR detection was approximately 3.41copies/µL of 
















times in the whole blood, and 32.4 times in the residual haematocyte as that without 
pretreatment. (2) The sample processing time (within 48h) and storage temperature 
(between 4℃ and 25℃) did not have impact on the T. pallidum DNA extraction 
efficiency. (3) T. pallidum DNA decreased in the upper layer while increased in the 
lower layer with the increasing centrifuge force whether the in vitro simulated 
experiments or infected rabbit blood experiment. (4) For the whole blood simulated 
experiments in vitro, the yields of T. pallidum DNA in the lower layer were 2.8, 4.6, 
7.3, 12.6, 15.24, 16.7, 65.1 and 73.1 times as that of the upper layer at the centrifugal 
force of 500×g, 1000×g, 2000×g, 4000×g, 5000×g, 7000×g, 10000×g and 20000×g, 
respectively. However, the yields of T. pallidum DNA in clot were only 1% at different 
centrifuge forces. (5) In addition, the infected rabbit blood experiment had a similar 
result when comparing with those above mentioned. 
Conclusions: The results show that the distribution of T. pallidum in different medium 
is vulnerable to the influence of centrifugal force. The yield of T. pallidum DNA can be 
significantly improved by appropriate centrifugation and red cell lysis pretreatment. 
Furthermore, the DNA extraction of T. pallidum would yield more by using whole blood 
or residual haematocyte when comparing with plasma, serum or clot. 


















简写 全称 中文名 
T. pallidum Treponema pallidum subsp. pallidum 梅毒螺旋体 
PCR Polymerase chain reaction 聚合酶链式反应 
DNA Deoxyribonucleic acid 脱氧核糖核酸 
EDTA Ethylenediaminetetraacetic acid 乙二胺四乙酸 
MSM Men who have sex with men 男男性行为者 
HIV Human immunodeficiency virus 艾滋病病毒 
DFM Dark field microscope 暗视野显微镜 
RIT Rabbit infectivity test 兔感染实验 
CDC 




TPHA Treponema pallidum haemagglutination 梅毒密螺旋体血凝试验 
TPPA 










WB Western-blot 蛋白质印记法 
VDRL 
Venereal disease research laboratory 
test 
性病研究实验室试验 
USR Unheated serum regain test 不加热血清反应素试验 
RPR Rapid plasma regain circle card test 
快速血浆反应素环状卡
片实验 
TRUST Toluidine red unheated serum test 
甲苯胺红不加热血清反
应素试验 
















CSF Cerebrospinal fluid 脑脊液 
GUD Genital ulcer disease  生殖器溃疡性疾病 
ABSL-2 Animal biosafety laboratory level-2 
动物生物安全二级实验
室 
STD Sexually Transmitted Disease 性传播疾病 
NCBI 




DMSO Dimethyl Sulphoxide  二甲基亚砜 
Tris Trishydroxymethylaminomethane 三羟甲基氨基甲烷 
SDS Sodium dodecyl sulfate 十二烷基磺酸钠 
SPSS 




ECM Extracellular matrix 细胞外基质 
CT Treshold cycle value 循环阈值 
PBMC Peripheral blood mononuclear cell 外周血单个核细胞 
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围内流行，直至 19 世纪，梅毒已成为全球普遍关注的重要公共卫生问题[1, 2]。在
19 世纪上半叶，自青霉素成功应用于梅毒的治疗以来，梅毒得到了有效地控制
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